The lunar sodium tail extends long distances due to radiation pressure on sodium atoms in the lunar exosphere. Our earlier observations measured the average radial velocity of sodium atoms moving down the lunar tail beyond Earth (i.e., near the anti-lunar point) to be ∼ 12.5 km/s. Here we use the 
Introduction
The Moon is known to have a trace atmosphere of helium (He), argon (Ar), sodium (Na), potassium (K) and other trace species [see e.g., Stern 1999]; however its tenuous nature makes remote observations of elements other than the alkalis difficult. Sodium "D-line" emission at 5895.924Å (D1) and 5889.950Å (D2) has been used since the late 1980s to observe and interpret the morphology of the lunar sodium atmosphere beginning with its detection by Potter and Morgan [1988] and Tyler et al. [1988] . Likely source mechanisms are: thermal desorption, photo-desorption, ion sputtering and meteoric impact ablation. The relative importance of these mechanisms remains uncertain, both with regard to spatial and to temporal trends. Once released, sputtered gases in the lunar atmosphere can be pulled back to the regolith by gravity, escape to space, get pushed away by solar radiation pressure, or become photoionized and swept away by the solar wind.
Mendillo et al. [1991] obtained the first broadband imaging observations (D1 + D2) of the extended lunar sodium atmosphere, observing emission out to ∼5 lunar radii (R m ) on the dayside, and out to 15-20 R m in a "tail-like" structure on the nightside. The lunar sodium tail is now known to extend to great distances (many hundreds, and perhaps thousands, of lunar radii) due to the strong influence of the Sun's radiation pressure on Na atoms In this paper we report new results using the unique mapping capabilities of the Wisconsin H-alpha Mapper (WHAM), where we have traded spectral resolution in favor of increased sensitivity and spatial resolution. 
Instrumentation
WHAM was built to map the distribution and kinematics of ionized gas in our Galaxy [Haffner et al., 2003 ]. Here we leverage WHAM's unique combination of high sensitivity, spectral resolution and automated pointing capabilities to map Na emission in the extended lunar sodium tail. At the time of these observations WHAM was located at Kitt Peak Observatory, Due to the partial blending of the terrestrial and lunar Na emission, the component fitting of the WHAM data required two steps. First, a constrained fit was applied to the data in which the Doppler shift of the lunar emission with respect to the terrestrial sodium sky glow line was fixed at 12.5 km/s based on our experience with the higher resolution PBO observations. Next, after a best-fit solution was obtained, the Doppler separation of the lunar emission was freed and the fitting routine was run again. In all cases, fit components were convolved with an instrumental profile and iterated, subject to the above constraints, to produce a least squares, best-fit to the data using between 6563Å and 5890Å, and a measured filter transmission ratio of T(5890Å)/T(6563Å) ∼ 1. We estimate a 25% uncertainty in our sodium D2 absolute intensity calibration.
Results
Spectra for the brightest beam for each night are given in Figure 3 and Table 1 . Intensity and Doppler width maps for all pointings are given in Gaussian fitting procedure used in the analysis of the on-direction datasets as described in Section 3. We found intensities greater than 0.7 R to clearly be lunar Na emission (see Figure 4 ).
In what follows we present a basic description of the observations for each night. 
Sample Model Runs
Here we present a sample set of data/model comparisons using the numer- In the sections that follow, we compare the model and data both spatially (Section 5.1) and spectrally (Section 5.2). The dense core of the tail (see Figure 5 ) is due to gravitational focusing of the sodium atoms by the Earth, and hence the brightest emission tends to occur while looking down this portion of the tail. As seen in the data, and
Spatial Map Comparisons
with agreement in the model runs, the brightest emission always occurs to the west of the anti-solar point and moves eastward over the course of our four nights of observations. This eastward drift is also seen as a decrease in the angle between the anti-solar line-of-sight and the brightest emission line-of-sight over our four nights of observations (see Figure 5 ). When the Moon is to the east of the Earth-Sun line, as it is on the night of 10 October, the sodium atoms are deflected to the west. This deflection is responsible for the large westward location of the brightest emission observed on this night.
As the Moon moves to the west of the Earth-Sun line (see Figure 5 ), the Earth deflects the lunar sodium atoms to the east. This explains why the brightest emission on the sky appears closer to the anti-solar point on the nights of 12 and 13 October.
In both the data and the model images in Figure 5 a dark spot appears near the anti-solar point. It's unclear to what extent the Earth's gravitational deflection may contribute to this dark spot, but the Earth's shadow must play a role as it reduces/prevents illumination by the Sun.
Spectral Comparisons
Spectral averaging is a useful metric to explore how the velocity distribution evolves from night-to-night. Both the data and model averages were normalized for these comparisons. Model calculations were binned to a 1 deg spatial resolution to match the 1 deg spatial resolution of the WHAM spectrometer. Model spectra are generated with significantly higher velocity resolution than WHAM's spectral resolution of 12 km/s. As such, model output was convolved with a WHAM instrumental function in order to facilitate direct data/model comparisons.
We investigated how variations in the initial sodium particle velocity dis- 13 October is ∼ 30 km/s; sodium atoms achieve these velocities ∼1.5 million km (3.75 times the Earth-Moon distance) downwind from the Earth.
Conclusions
Over the course of 4 nights (∼70 hours) of observations, the peak of the intensity distribution (see Figure 4 and Table 1) WHAM and the average spectra generated for each of the October nights via the "flat" model (see Figure 7) . The solid line represents the WHAM data and the dashed line represents the spectra produced by the model. In this case model spectra were computed and averaged over the observation time ranges for each night (see Figure 4 ).
